Abstract-In this paper, the indirect vector control speed sensorless is presented, two adaptive mechanisms have been proposed to estimate the rotor speed. The first adaptive observer based on sliding mode, a study was made to present the steps needed to design a sliding mode observer. The second has been developed from the backstepping technique to design an observer for the rotor speed. Finally, tests show the robust performance of the control law obtained by these two types of adaptive observers.
I. INTRODUCTION
An asynchronous machine controlled by a vector controller behaves as a DC machine with separate excitation, in which the torque and flux are decoupled and independently controlled, to obtain a good control accuracy and high dynamic performance. However, vector control has the disadvantage of requiring the use of a speed sensor, which imposes additional costs and increases the complexity of the arrangements.
Variable speed drives incorporate new industrial constraints such as the speed control without encoder. It is then necessary to use observation techniques in the sense of automatic speed estimate based on information collected by the measurement of stator currents and voltages.
Speed estimation methods for sensorless induction motor drives can be divided into two groups. The first is based on high-frequency components injection in stator voltages or currents [1] , [2] . the second is based on fundamental components in stator voltages and currents [3] [4] [5] [6] , [8] [9] [10] . The first method may operate stably under zero-frequency condition, which occurs in regenerating mode at low speeds. The high-frequency components injection, however, causes loss increasing and torque ripple.
The present article is organized as follows: in section 2, the model of induction motor is defined. The sliding mode observer of speed is established in Section 3. In section 4, we developed another type of rotor speed observer using the backstepping technique. We close our article with a conclusion.
II. INDUCTION MOTOR MODELING
The induction motor model can be described by the following state equation in the stationary reference frame: [4] [5] [6] . 
III. SLIDING MODE OBSERVER OF ROTOR SPEED
The role of the observer is to estimate the rotor flux and stator currents knowing the current measurement and stator voltages without the rotational speed. Consider now the system of induction motor taking into account the variables of In most cases, we prefer a system fast without overshoot. Therefore the choice of the right commutation or sliding surface defined by:
Where υ is a positive constant, which determines the band width of the system. The graphical interpretation of equations is shown in Fig. 1 .
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Fig. 1.Graphical interpretation of equation
The system of equation (1) can be described as follows: , ,
We note that the matrix ζ r appears simultaneously in the equations of flux and currents. This implies that the design of the observer for current and flux can be based on the replacement of the common term, which is the matrix ζ r by the same sliding function ψ:
Taking account of the above, the current and flux observer using the sliding function can be written as: 
The observer of currents and flux have no coupling between them, and we can see that the flux estimation is a simple integration of sliding functions and estimated currents without the need to know the speed when the estimated currents converges to the measured currents.
This type of sliding mode function depends on motor parameters and is difficult to implement because of the chattering phenomenon, so we assume that the equivalent control is only the slow component of real control and we can obtained it by using a low-pass filter of the discontinuous control [7] . 1 1
With τ is the constant time of the low-pass filter.
The rotor flux can be calculated from equation (5) and (6) In this section we will propose a type of adaptive control using a backstepping speed observer. The variables measured are the stator currents and the rotor speed of the asynchronous machine. The behavior of the rotor flux and rotor speed will generate by our backstepping observer [8] [9] .
The model of the backstepping observer can be described in a reference connected to the stator by the following equations from the system of equation (1) 
Where V 1 and V 2 are the control input to be designed.
All the parameters of induction motor are considered constant, The stator error can be defined as follows: 
Using equations (10) and (11), the dynamical equations errors are giving by the following system: To solve the problem of pursuit and the convergence of estimation errors, a control algorithm will be proposed using a backstepping observer [8] [9] [10] .
The first step of our observer design is to define the functions stabilizing fs 1 (12), (13), (14), (15) 
Finally we can design the observer of the rotor speed using the following Lyapunov function [8] , [10] 
After the derivation of this function and knowing that its derivative must be defined negative we can write the mechanism of adaptation as follows [8] :
V. SIMULATION RESULTS AND INTERPRETATION
The block diagram of the proposed control using a sliding mode observer of the currents, flux and speed or backstepping observer is given in fig. 2 . The model of the tree phase induction motor and adaptive observer are emulated by Matlab-Simulink with a sample time 10µs. The motor parameters are shown in Table 1 . Figure 3 , 4 and 5 shows the simulation results of the first tests to a step speed (1500r/min) under a load torque of 10 Nm. The estimated speed by a sliding mode observer or backstepping observer reaches steady state after 0.35s (Fig. 3) .
The error between the actual and estimated speed for the two type of observer is given by Fig. 4 . We can see the effect of the phenomenon of chattering on the speed estimated and the estimation error by the sliding mode observer (Fig. 3, 4) , this is due to the nature of the sliding functions ψ 1 and ψ 2 . Figure 5 shows the electromagnetic torque and the effect of chattering phenomenon developed during the starting and the stationary phase. Fig. 3 .Estimated speed using the proposed adaptive observer (SMO and BSO). In the second and the third tests we decrease the speed reference to (150r/min) then to (50r/min) to see the robustness of the observer for low speed.
In the figures 6, 7, 8 and 9, we can see that the two observers can estimate the rotor speed for a low step (150 or 50r/min), and the estimation error does not exceed 0.5% for the sliding mode observer and 0.2% for the another observer. Fig. 6 .Estimated speed to a step (150r/min) using the proposed adaptive observer (SMO and BSO). 
VI. CONCLUSION
Two type of observer were proposed in this paper. The first is the sliding mode speed observer which presents good estimation results even at low speeds, but the second observer which is based on backstepping technique is better because the estimation error for low speed does not exceed 0.2%. The backstepping observer presents no corrugations at the estimated speed and torque unlike the sliding mode observer.
